SOCUHEIT BESUHS 



£D 116 600 



IE 002 463 



-AUTHOR 
TITLE 

INSTITOTIOH 
SrOHS AGENCY 
REPOST HO 
POB DATE 
NOTE 

EDRS PRICE 
DESCRIPTORS 



/ 



IDENTIFIERS 



ABSTRACT 



Allan, John J., Ill; Lagovski, J«J. 

General Inforoation of Project C-BE# 

Texas Univ^r Austin. Project C-BE# 

National Science Foundation^ Sashington, D.C. 

EP-1-2-24-72 

2a Feb 72 

19p.; For related document see IR 002 U6i| 
WF-$0.76 HC-$1.58 Plus Postage 

College Curriculum; CoiBparative Analysis; ♦Computer 
Assisted Instruction; Computer Based Laboratories; 
Curriculum Development; Digital Computers; 
♦Engineering Education; Experimental Curriculum; 
♦Higher Education; ♦Research Projects; ♦$cience 
Education; Time Sharing 

^Project C BE; University of Texa^^ Austin 



departments. 



Using the expertise of faculty members of various 
the University of Texas at Austin has initiated a 
four^year, two million dollar projecc, called C*BSf to examine the 
capacity of computer-assisted instruction (CIA) to improve teaching 
in the sciences and in engineering. The computer can assist the 
instructor by doing grading^ bookkeeping, experiment monitoring, 
basic instruction, simulations, and data processing* When the 
instructor supplies a list of behavioral objectives, achievement 
measurement standards, and technical limitations, the systems analyst 
can tlien design the computer materials necessary to meet the 
instructor's requirements. The goals of Project C-BE are to 
quantitatively demonstrate the effect of CAI on the effectiveness of 
college teaching and to examine the ^relative costs. The computerized 
courses that are being designed could potentially be shared with 
other institutions. (EMH) 



^{^{♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦?«'♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦ 

♦ Documents acquired by ERIC include many informal unpublished ♦ 

♦ materials not available from other sources. ERIC makes every effort ♦ 

♦ to obtain the best copy available. Nevertheless, items of margine^l ♦ 

♦ reproducibility are often encountered and this affects the quality ♦ 

♦ of the microfiche and hardcopy reproductions ERIC makes available ♦ 

♦ via the EfeIC Document Reproduction Service (EDRS) . EDRS is not ♦ 

♦ responsible for the quality of the original document. Reproductions ♦ 
'♦ supplied by EDRS are the best that can be made from the original. ♦ 

«4c4c*it(i(i:«(i|^****i({4(^^^**^^^^^ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 



ERLC 




NFWS RELEASE TO ALL MIA AND WIRE SERVICES. " 

A major problem that society faces is the need for improve- 
ment in education at all levels. Confronted with limited resources 
and the burgeoning demands of an expanding student population, Drs. 
John. J. Allan and J. J. U^owski are CorDirecting a project with 
some of their University of Texas at Austin colleagues to explore 
the use of computer-based i nstrurf* onal techniques in undergraduate 
eduqation. The four-year project (Project C-BE), funded by the 
■National Science Foundacion and The University of Texas at Austin, 
represents a coordinated effort of che faculty of The University 
of Texas at Austin. The first year budget is $430,000, with a 
four-year budget of almost two mi"'lion dollars. 

The expertise of faculty members in various departments 
and colleges will be employed to develop and evaluate innovative 
computer-based undergraduate curriculum materials to improve the 
instructional processes in their respective disciplines. The 
project encompasses such subject areas as chemical, civil, 
mechanical, petroleum, electrical and aerospace engineering; 
chemistry; zoology; physics; psychology; economics; and sociology. 

It has been suggested that tiie key to the individualization 
of mass instruction lies within a computer-based environment. This 
project is designed to develop efficient methods ^f implementing 
computer-based instructional cechniquei in a wide spectrum of 
disciplines, to evaluate the pedagogical and economic Impact of 
sugh techniques, and to gather i i, formati on on the factors 
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associated with the transferability of the' materi al s developed to 
Other educational environments. ^ 

Computer-based instructional techi^^ques are aimed primarily 
at assisting the instructor in meeting the growing demands of 
large classes being taught more and more sophisticated materials. 
This is accomplished by interfacing the student to remedial, 
tutorial, laboratory, design, etc, material using information 
processing, thus, leading to increased academic cost effectiveness 
and quality of instruction. In many subjects, for in'stance, 
there is a body of information that must be learned by the 
student, but which requires very little t eaching by the instructor. 
It is one goal of computer-ba^ed teaching techniques to shift 
the onus for learning such material onto the student, thereby 
permitting the instructor more time for teaching and ultimately 
* increasing teaching effectiveness in the classroom. 

Computer-based educational methods intended to extend 
and supplement the instructor, not replace him. In some cases, 
using a socrati c-type environment, a student can interact with 
the computer using a television-type console and proceed through 
material at his own speed. Under such conditions each student is 
essentially engaged on an individual basis with an "instructor" 
who is specifically attuned to his background, rate of learning, 
and level of interest in the subject. Indeed, each module can 
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be the product of one or many minds. Thus, each student In a 
large class has an opportunity to interact intimately with the 
best mMnds on the subject a situation which dees not usually 
occur at present. Using such techniques, a form of self-paced 
instruction can be created permitting more flexibility in the 
present educational system* In 'other cases, small computers 
will be employed to relieve students of mundane, dangerous or 
complex laboratory tasks. It is the goal of an educational 
environment , to teach principles, concepts and techniques most 
effectively. 

It is planned to blend t-h^rtest of the traditional 
teaching techniques drill, practice, and tutorial concepts 
with innovative computer-bas,ed methods. The techniques and 
materials developed will become an integral part of the normal 
curriculum. 
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Listed below are the four (4) objectives of our research as NSF 
views , the: 6f fpf t. - 

I. iPENTIFY OSMPUTERr-BaSED CONCEPTS THAT ARE COMMO N AMONG SEVERAL 

disciplines' • . . ' 

With reference to reactive terminals, computer graphics, <Dr 
lajx>ratory a^ta acquisition— -identify what cdncdpts are coniinon 
anohg^^ev^^i disciplines in either content, approach or 
technique. ! 

li. DEVELOP EVALUATION PROCEDURES FOR THIS TYPE EFFORT 

Develop procedures for evaluating the pedagogical and ecpn&mic 
effectiveness: and potential of cpmpjiter-hased techniques at the 
inodule, course, univerisity, and national levels. 

^ illl IDENTIFY THE ELEMEiSfTS, OF TRZ^SFERABILITY 

identify the elements of the effort that are critical to 
transferring successful educational packages, employing these 
t^efchniquesr from one institution to another. 

IV. DEVELOP A FISCAL MODEL - - . 

Develop a fiscal model so that administrators -may view these 
techniques from the standpoints of investment, operating expenses 
comparative effectiveness. 

- ■ \ 
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Planning for an undergraduate level computer-based 
science education system that will be responsive 
to society's needs in the 1970's 

by JOHN J. ALLAN, J. J. LAGOWSKI and MARK T. MULLKil 

The UniimrsUy of Tacan at Austin 
AusUd, Tex«s 



INTRODUCTION 

The purpose of this paper is to dlticui>s the planning uf 
an undergraduate level computer-ba*.ed educatlufiul 
system for the bciences and engineeriig that will be 
responsive to society's needs during the 1970 s. Con- 
»iderable curriculum development re^jcarch i& taking 
place in many institutions for the purpube of increasing 
the effectiveness of student learning. Despite the effurt*> 
under way, only limited amuunto of cuurse matter ublng 
computer-based techniques are available v^ithai the 
sciences and engineering. 

Planning for a frontaf attack to athicvc incrc^v>ed 
teaching effcctivencf^ was under* "ken by the facult> 
of The University of Texao at Au ii. Thib paper pre- 
sents tlie essence of these faculty efforts. 

An incisive analysis of the state of the art with regard 
to the impact of technology on the educational procet>« 
is contained in the report 'To Improve Learning" gen- 
erated by the Commission on Instructional Technology 
.*nd published by the U.S. Ck>vemment Printing OfEoe, 
.March, 1970.* The focus is on the potential use of tecli- 
nolot3> to Iiapruve learning, from preschool to graduate 
.school. The goals stated in the above report are (1) to 
foster, p'.4a, and coordinate vast improvements in the 
quality education through the application of new 
techniques which are feasible in educational t^Mihnology, 
and (2) to monitor and coordinate educational resources. 

AN OVERVIEW OF COMPUTER-BASED 
TEACHING SYSTEMS 

Until recently, interest in u^ing machine-augmentcd 
instruction has been centered primarily on research in 
the learning processes and/or on the design of hardware 
and software. 



Digital computer systems have now been developed 
to the point where it is feasible to employ them with 
relatively largo groups of students. As a result, defininjg 
the ^iroblenl^ involved in the implementation of com- 
>juter-ba«,ed teucliing techniques -to i^upplemeni classical 
iustructlofial methods for large classes has become a 
moot important coiiaideratlon. Whether the classes are 
IttXge or buiall, colleges and universities are faced with 
presenting increaalngly sophisticated concepts to con- 
tiKually -<.\paiidlng numbers of students. Available touch- 
ing faciliUu^, btith human and tvcliniuil, are increasing 
at a less rapid rate than the student population. Typi- 
cally, the logistic^ of teaching scienci and engineering 
courses becomes a maL^jr of meeting thchC growing de- 
mands by expanding tlie size of en^ollment^ in lectures 
and laboratory sections. 

It is now, apparent that we can uo longer afford th( 
luAuiy of employing teachers in non-teaching function.^ 

whether on the pormiinent staff or a^ teaching assist- 
ctnUi. Maiiy chores buch as gradi, g and record keeping 
uii well as certain remedial or tutorial functions do not 
really require the acti/e participation of a teacher, yet 
It is the person hired as a teacher who performs these 
taiskb. Much of this has been said before in various con- 
texts, hoA^yer, it should be possible to solve some of 
these problems u^ing computer techniques. In many 
subjects, there is a body of information that must be 
learned by the oLudent but which requires very little 
teaching by the instructor. Successful methods must be 
found to shift the onus for learning this type of material " 
onto the student thereby promitting the instructor more 
time for teaching. Thus, computer techniques should be 
treated as resources to be drawn upon by the instructor 
^k^ he dceiits necessary, much the bame as he does with 
books. 

Ri<>ieAliy, the tippilcation of computer techniques is 
supplanental to, rather than a supplanlaiion off the 
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human teiicher. The averaj^e iimtructiir who htm liutl 
litUe or no ex|)cr!once with computers may !)<» awed hy 
tli(i way the Kubject matter of n j;uod in.structloiiul 
module can motivate a ntudent. If Uio program dchigaer 
ban been imaginative; and han a ii\a«tcry uf bath hi« c»ub- 
ject and the vagaries of programming, the instructional 
module v>ill reflect this. On the other hand, a pedautlc 
approach to a subject and/or to programming of the 
subject will also unfortunately be faithfully reflected in 
the module,. Thus, just as it is impossible to improve ^ 
textbook by changing the press Uhed to print it, c\jm- 
puter-based instructional .sy.^tem will hot generate qual 
ity in a curriculum module. Indeeii, ^cumpiucd with 
other media, computer methods can amplify peda- 
gogically poor techniques out of proportion. 

The application of computer techniques to aiisibt hi 
teaching or learning can be categorized as fullov\6. 

1. Computer Based Imtruciion (CBl)— this con- 
notes interactive special purpose prograniA that 
either serve as the sole instructional means for a 
course or at least present a module of material. 

2. Simulaiiotx 

a. of experiments 

1. that allow "distributions'' to be attributed 
to model parameters 

2. that are hazardous 

3. that are top time consuming 

4. whose equipment is too expensive 

5. whose principles are appropriate to the 
student's level of competence, but whose 
techniques are too complex 

b. for comparison of model results with measure 

mente from the corresponding real equip- 
ment 

3. Data Manipulalton (can be interpret li *us cus- 

tomarily conceived computation) for 
a. time compression/expansion— especially in 

the laboratory, as in data acquisition and re- 

i! .ction with immediately subsequent "trend" 

or '^concept" display 
t idvanced analysis in which the computatioii 

i, normally too coniplex and time con.^urning 
c graphic presentation of concepts possibly 

deflections under dynamic loading, molecular 

structures, amplitude ratio and phusc lead or 

lag,;.. 

4. CompuUr-^ Based ExanAnation and Administrative 
Chores to accompany self-paced instruction 

SYSTEM DESIGN PHILOSOPHY 

Dci^ign concepts? that foster a synergistic relationship 
between a i^tudent and a computei-ba-^cd educatiui*.il 



.>.>.<,teni iu-o Inuscil U|Hin the following Usnetw. 

1. The rule of tlu^ computer in <;ducati<m iH solely 
that of a tool which can be used by the average 
in.structor in a manner that (a) is easy to learn, 
(b) is easy to control, and (c) supplements in- 
dtruciiuual capability to a degree of efficiency un- 
attainable through traditional instructional 
methods. 

2. Computer-based education, although relatively 
nevir, h»*s progressed past the stage of a research 
tool. Pilot and experimental programs have been 
developed to the point where formal instruction 
h;ih been conducted in courses such as physics^ 
and chemistry.' * Despite this, the full iwtential 
of these new techniques has yet to be retdizcd. 
Futore systems, that are yet to be designed, must 
evolve which will provide sufficient capacity, 
t.peed and flexibility. These systems must be 
able to accoinmodate new teaching methods, 
techniques, innovations and materials. 

IVogranuning languages, terminal devices and 
communications should be so conceived as to not 
inhibit pedagogical techniques which have been 
successfully deveJoped over the years. The sys- 
tem should incorporate new reijuirements which 
have been dictated tiu^ough progressive changes 
in education and adjust without trauma or 
academic turbulence. 

3. Initial computer-based instructional systems 
should be capable of mod^ate growrth. Their role 
will be that of a catalyst to expedite training of 
the faculty ai> well as a vehicle for early develop- 
ment of useful curriculum matter. Usage b^ 
faculty will grow in parallel with evolving plans 
for future systems based ujx)n extensive test 
and evaluation of current course matter. 

Thu doigu of individual instructional modules to 
Mipplemeiit laboratory instruction in the sciences and 
engineering will follow the general elements of the sys- 
tem.^ approiich which has gained acceptance in curricu- 
hix development.^ This approach to curriculum design 
can generally be describeil as a method for analyzii»g 
the values, goals, or policies of human endeavor. The 
muthod applied to computer-assisteu ♦iiatruction has 
been described in detail by Bunderson.* ^ 

Although there iinyc been several different* descrip- 
tions of the systems approach to the design of curricular 
materials, two major elements are always present: 
course analysis and profiling techniques. Course anal** 
Ysis consists of 

1. a conc»5e statement uf the biJtavioral objectives 



Computer liiused ycionce Education System 259 



of the course expressed in terms of the subject 
matter that is to be learned. 

2, t/ieseancfard that each student must reach in the 
course. j 

3. the constraints under which the student is ex- 
pected to perform (which may involve an evalua- 

o tion of his entering skills). 

The results of the course analysis lead to an iryifJe- 
mentation of the suggested design hy incorporating a 
curriculum profile ("profile techniques"), which con- 
tains 

1. function analysis^ i.e., the uoe uf analytical 
factors for meafeuring the p.vanieters of a intk 
function 

2. task analys^isy'' i.e., an analysis that identifier in 
depth various means ur alternat w cuuiou^ of 
action available for jichievipg; i>jecific rcbult.^ 
stated in the function analysis 

3. course synthesis, the iterative proce^ss for de- 
veloping specific learning goalb within .specific 
modules of instructional material. 

A general flow diagram which shows the rolatii>n>hip 
between the elements in the systems approach to cur> 
riculum design appears in Figure 1. 
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Figure l—Systcrm approach to nirnculum ilcsigi* 



ERIC 



Goah and behainoral objecliveH 

Son\e of the longer range goals defined should be to 
demonstrate (juantitatively the incretused effectiveness 
gained by computer-based techniques and further, to 
develop skill in the faculty for "naturally** incorporating 
information processing into course de^dgn. Another long 
range goal should be to effect real innovation in the 
notions of *4aboratory courses*' and finally, to instill in 
graduating students the appreciation that computers 
are for far more than "technical algorithm execution.*' 

In more detail, some of the goals are to: 

h Plan, develop and produce computer-based 
courM cuaturial for ube in undergraduate science 
and engineering courses to supplement exi.sting 
or newly pa>posed courses. Course matter 
de\cK.pud will utilize a .systems approach and 
cun.sider ontering behaviors, tcrmhial objectives, 
test and evaluation schema, pruviMons for re- 
vision, and plans for validation in an institu- 
tional learner environment. 

2. Produce ducumentatitiii, rupt>rts, piugrams and 
descriptive literature un course matter developed 
to include design and instructional strategics, 
flow charts and conmion algorithms. 

3. Test course matter developed on selected classes 
or groups for the piU'pose of evaluation, revision 
and validation. This is to determine individual 
learner clniracteristics through use of techniques ^ 
.^uch as item analysis, and latency rc»^ponse using , 
interactive languages. 

4. Promote and implement an in-depth faculty in- 
volvemeiit and competency as to the nature, 
application and use of computer-btised instruc- 
tional lanp:uagc•^, cour>?e matter and techni(iucs. 
Compile, produce and make provi-^ions for mass 
dLstribution of such compuU»r-bascd materials 
as arc tested, validated and accopU d for use by 
other colleges or institutions participating in 
similar program.^. 

In an academic environment the use of timo-sharing 
computer.^; for education is gradually being incorporated 
as a hard-core element, which in time \snll become so 
commonplace a rc-^ource for faculty and student use 
that it will serve as an ^'educational utility** on an in- 
terdisciplinary basis. To achieve a high degree of effec- 
tiveness of such systems, the faculty using computer- 
backed teaching techni(iues as a supplement to laboratory 
type instruction must initially become involved. The 
pedagogical objectives of this whole approach are: 

1. To correct a logistic imbalance: i.e., a condition 
marked by the lack of a (|uatlfied instructor and/ 
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or the proper equipment and fa<:ililie» tu ptrfurm 
a Hpcdfie teaching ta^k (or project) bi inK at it 
Hpccific place at a specific time. 

2. To provide more informatisjn ]fvi nu'ii Unn' 
that, 83 time passes, the coufbi. will p^aiidi m 
increasingly in-depth knowledge. 

3. To allow new ranges uf material to be cuvcrt'd 
%\hen one specifically cori^iders tKli*g5> cuner»t!v 
omitted from the curriculum because of student 
safely or curriculum facility costs. 

4. To increa;5c academic cost effectiveness, because 
it is certainly expected that adroit information 

. processing will free the faculty from many 
mundane tasks. 

5. To provide both parties with more perf^unal tmie 
Qnd flexibility, because it is anticipated that con- 
siderable amounts uf time arc \u be mad^' free 
for both student and faculty. 

6. To make a computer-ba.sed ^ybtem lh«.* key iv iiu- 
individualization of mass iii/stnielu a by ulih^mg 
dial-up (utility) techniques. 

7. To develop laboratory simulation so that U i> 
no longer a constriction in the educattonai pipe- 
line because of limited hardware and current 
laboratory logistic^?. i 

Emlnalion criUria 

In general, there are two distinct phases to tuc e\ alua- 
tion ol instructional modules. The first of Uiuse coincides 
witti the «u;tual authoring and codirig of tin* rnatenat.s, 
and the second takes place after the program has aii- 
vanccd to it« penultimate* stage. These two typc^ of 
evaluation can be referred to a> *devcIopniuntaI test- 
ing" and ' validation testing," respectivi-Iy. 

Developmental testing 

*IitK testing is informal and clinical in nature and 
in. Ill .-'d both large. and small segnient^s of the rinal 
pr rar.i. The specific objecti\e of this phtise of the 
dt velupriitnt is to locate an(^ Cuitect imulequacio m 
the module. It !^ particularly desirable at this }>onit </f 
development to verify the suitability of the criteria 
wliich are provided at the \ariouH dct.iston puitits in 
the program. It is also anti:ipated that the progran/^ 
feedback to the students can be improved by the addi 
tion of a greater variety of rt >pon^es. Finally, testing 
at this stage should help to un/ovcr anibiguoos or in 
compIet<5 portions of the instiu^iional materials. 

Relatively few students (about 25) will be retjuired 
at this stage of evaluation; however, since this phase 



i.-^ evolutiuii.uy, the exact number will depend on the 

h. itnri" ai» J extent of the changes that are to be, and 
fiave been, made. Materials which are rewritten to 
unprovt clarity, for example, must be reteated on a 
^nlaI^^ca!l: to estiibliKh whether an improvement has 
in fact been made. A final form of this program, in- 
corporating the revisions based un this preliminary 
testing, will be prepared for u^c by a larger f/oup of 
students. 

Validation testing 

The formal evaluation of the programs will occur in 
a sectitx* (or with a part of a section) of a regularly 
scheduled cla^s. 

It ;.•> :ussumCd that a .selection of students can bo ob- 
t:uned that is revrc^.cntativc of the target population 
for ^%hicl. the materials are designed. One of the follow- 
ing two n.ethuds fur obtaining experimental and con- 
trol gHiup.s i.s suggested, depending upon circumstances 
existing at the time of the study (i.e., number of scc- 
tio^l.^ available, whether they are taught by the same 
iiistructur, the willingness of instructor to cooperate, 
section size, <itc.). 

The preferred method is to arbitrarily designate one 
course section experimental and one course section 
control with the same instructor teaching both sections. 
An assumption here is that the registration procedure 
results in a random placement of students in the sec- 
tions. The altcrnalivc method of .selecting students 
follows. The in*itnictional programs are explained to 
the tt;tal student group early in the semester, and a 
listing of tho.-c students who arc willing to participate 

i. -v obtained. Two sauiplos of approximately equal size 
are randomly ^elected from tlus Iwt, One sample of 
students is then assigned to work with the computer- 
assisted instructional facilities and is designated as 
the experimental group. 

The criteria used to evaluate the programs arc as 
follows « 

1. Tht o.vtunt to ^vhich studeut** engage in and/or 
att«iiii the behavioral objectives stated for the 
program. Tor tutorial and rcmwlial programs 
prt^ and post-tests? arc the instruments for 
nu u>iiring attiiinraent and will help answer the 
i^ucstion. Does the computer based supplement 
actually teach what it purj>ort£» to teach? For 
c.\|HJ*itiieiit simulatiotLS, the f^uucessful Comple- 
tion ot tht program is pnmu /<h.i> evidence that 
the ^tudeIlt has eiigagtd in thodu-ircil behavion*. 

J. Athitvciiicnt as mea^^ured by the course final 
examination. 
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Figure 2— Teal and evRlualion schema for overall proKrain 

3. Net gain in achievement as detcrnuiicd by pn^ 
and post-testing with the appropriate stand- 
ardized area examination. 

4. 'Changes in student attitudes ns measured by 

pre- and post-attitude inventories. 

The statistical treatment used t« evaluate tlie pro- 
gnmw in light of the above criteria will be a multiple 
linear regre^^sion technique equivalent to :lmliy^is of 
efivuriance for criteria 2 and 3. The covariablea used 
will indude. (1) A placement exuin score (if available); 

tiii- 'H>'jiining course grade (for students in ad- 
^aiiUHi I .^uTk^s): \3) sex; (4) SAT* scores, high scliool 
. und io) oilier pertinent information avjiilabto 
in the various courses. The key clemcnL^ of the test 
and evaluation schema are shown schematically in 
Figure 2. 

IMPLEMENTATION 

Planning is one of the most im|>ortant aspects of 
CBI and when done properly yields what we might 
call a "systems approach" to curriculum or course 
design. This moans not only the setting up of a courM* 
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Apphcation Code 

D Drill and PMrlictS G-Graphics; IG- Intcructivc Ciraphics; 
MM— Mathomalical Modeling, Gaming; FtS- Problem Solving; 
(,I,;^ljj;.^n Lino Moniloriug of ExjicrimonU; Sim— Siraulation; 
Itsiiii— Uual Experiments Plus Simulation ;SUit -SUtistical DaU 
ProcerJ^ing; Ite Ucst'arch in Learning Processes, 

of instruction by following a coinprcheiusive, orderly 
M-t of iiteps, but ah^o a plan for involving other faculty. 

No two curriculum designers will agree as to what 
consititutcs the essentials in outlining a course in its 
entirety bef(»re beginning. However, there arc ccrtnin 
i^etiuential or logical steps that can be defined precisely. 
Thrive step> have been designated below :is the course 
phinning ••iiiuUr' uud arc based ujKin actual in-liouse 
cuxpiTiencf ni planning, developing, testing and cvalua- 
tiiin III raur.-e inntUT. Examples of this planning aa 
shoNMi in the vuirk^ in Tables I and II arc authentic 

TABLl 1 1 I'urnc ulum Dc-volapwient Uescarch Ta^^k Coeit 
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.iihI Iihvi- ^tvvii (ii rivivl iiy ici|UrHliit>.', < m l n v\ asMM i.it< 
utvr.sti);ntiir to id tin* a|>|iro.icli tu li'giiihiiig ln^ Uitfk 
iiiti* a "itMild.'* I)ehcripti\ e iiuit^.ial for i;hcIi pnA^pi^ 
t'lw |/iirticipating faculty nnMitbcr shown in tin* 
folluunng example,* and i.s organixi'd lus follow 

L THle 

2. Iiitrndiiotiuii 

3. Objective.^ 

4. Pnijeot I)i*>cription 

a Method of Kval nation 

0. Impact on fho C^urncnniui 

7. Prda^o^h al Stratcjo' 

8 ('jirreiit or i*a,st KxiH'rienci' 

iK Related RfKnirch 
lU. Plan^J for Iniormatiou Intorchan^^o 
11. Dotuiltd Undun* 
I'J. 'I'lfiu* l*li:tj*s:ig Diagram 
13. Aftfiliration rros>-Ri»fcn'nre Cliarl 

EXAMPlli i)l A PROSM'/TIVK i\S»soClA'll% 
IXVL:STI(iATORS PROPOSAL; 

INTERACTIVE I)KSI(;N {)F MACifiNE 
ELEMENT SYSTEMS 

Ininnluciion 

KuiiiniitTing di'Mun is a ^friirturcd infurniatiun, 
on*ati\r pruri'^.H Thr .syntlu uf pliy.-^ically J'immMi 
>nIutMii> u^ncralh follow.^ many .'».-ign diTi.sion^ b;LMHl 
«*n pn»ci*?vM*«l .iv.id.tbir iufurni.it i^n Tln^ .structure **l 
dcMgn n.Uirni.uk'U hius U'cn dilniefi in the literature 
Pruf< -iuj; thi* d(>*^n infnnnation m .scientific ami 
iuj^iral nut hod i> uniKirlant Ut the andenslandin^ of 
\.t»\\ one t<.ache> eu^i:4«tTmu dt'si^u. p.o'tieuhu ly thi 
I 'lrt tliai ewmpiit;«r augmuitatiuu mij^ht pl.iy in the 
l*r*ii-v Iv^MMitialK, the c<»mpuur i.-u reheie tiie eu- 
^m»H nnp r *.f thuM* ;t>pe»'t- ff problem m.iuipu 

Jat*ti| and n p iitivi *»#mputatiMii that mijLtht otiii-ruiM- 
«h- l it't iiua irum tin- rontevt of hus problem. Thi- 
f> ntal pn.icipie hm* is tti lin\e the di*M,i;ner 

xuakii.^ deri<itin^. m>t ealculatioi>. 

There are vera! objectives to bemR able to put a 
^tudeut m an mternctive Mtiiatinn for the design of 



ii I. i»ri*M Tjf t u)\ I {>4»ritoii \*{ tht» <^iirriruliiiii inAttrr wtiuli 

• eiii»If . >n* ^ iVr tU ai^ II, 12. nn»l 1-J fan be ubt.iiia'<i froUi ihi 
a *»h«»r'» Thv *orm fur iti«m 11 iii |iArliriiIftr pn'^ iht* rliT.uU 
It*. '^-^.nn tM un\*- x prcijirt*-- i-^iinuU-d doIUr ■ 



hi.uloiH 1 1« io( ht- C)iu Ki' the }irunar> ^roaLs IS to allow 
.'taiUoi^ 4 ' uii i ludihiue elcniritt i^y^tems UKst-cad 
oi tlie tj.uhti 'Ual approach of the msiChirK* dcmonbi. 
Tiie i»bjn t i4 thi.- I.s t*! .show the interfjlay of the 
dtflvtti*iu.- .i4id .'trr.sse^ duo Ui impox'd forces on 
machine firmest .\Vsteuis, /Viuither oojootivc in to 
alhhv distribution.^ to br attrilniUHl to parametCTK of 
.sy.stem.s normally eon.sidered :ls di.serot^*. LatcHt in the 
>e^ic^ oi iMigiiH-enri^; t-wtt. are tlio.se that coiimdcr 
probabli^tie appn aehc^^ to di^igii. Kinally in the 
de.sii;!. ; by ciffinition. :i ta^v perfririiKid at one 

;i •:.ii.t i:i liioe doe^ not i^iv«» tii^ observer of a designer 
iiy ..i' »r«i»Mtu'.i abou* wh.vt the d«*Mgner's next ta«k 
iiugut be. Ib'iici*. u i.'i IIIO.SI important t^* construct an 
en •iroiuniiit th.A will allow the >tudeiil to *'mo4mdcr** 
thr«»u^ . tht- ji of posv.ibililu\s of alteritioii.s of a 

nonfiM.-i(il<* ^oiiittoii oi a dasi:;!i pioblem that might 
maKe it -ubM^qumlK' ,t iV t ible sohition. Auotlicr ob- 
ject ivi' ot UMuu .III interactive .sy,steiii i.s so consideni- 
tions iioi iiort -^:inly ^^'quential in an lUgorithmic sciiKe 
« til be . ^i-^M. U»r the ^tudentV loIl^^de^atiolI. That 
la eaii eoii.**ider system roli.ibility , .systtun ntructural 
integrity, and ^\>teni economics simultaneously and 
iiiake ih'si^n iK<t>iuns based on any one of tho4>c 
fmulinieutal eoUMderattoius. 

Proj.'cl de>(*riplioit 

Thi^ piojiit uiwihi*^ tht tiit<-^ratioit lato u coiiveii- 
ti^i.i.d * * ->i»Miiii ill iiiir or ni»ii • I* .iel.\e CRT displays, 
rill a« *iiti**o oi «i>iiiput('t .oi^nicntatioii to tbe^tnidi- 
tii«u.il tf.4. 1 'i;^ eogiM iioi/. eh uii'iit ^ysten^s design 

j rop»««*< to i»nh'i to -^ati.-sfy the nrrds of the iiiidcr- 
uraiin.tt^ *i ah ut i\i!o ^imfd like l<i *Ik able t*i synthe- 
M/, ' and < -\ n ui**u roalistir i- i*meiit .syst-erus than 
I- tii.w pi 'LiJii'i:!. a' V }Hi>^iblr. The f*»IIowiiig specific 
d<'*ir*i! fiihi a»i^ it* tin* iMiiijfiiti'r-b;iM*d ^y^t^•m IU*e 
.it't^^aiv . t iii.f.^' A 111 r;b^ii\ ar « "4 NMble extension to 
Uu» -tudi lit .1- ^it^ r"^ liiiii*t!itii;d eapabilitie.*i: 

I I? for:- itioti -tor:ige and retrieval The system 
UiU-? in- :i\»u to ai'«*i pt. store, nvall, and present 
thoM ^la.U of information relevant to the de- 
-i^Ji' r i tit iAample, matvriul projMirties, al- 
g. rithai analyzing physic.U elements, con- 
^tT-it>ii I '.-tor-v. etc, 

J Information lutt r«'liange Thi* .sVstvin miist be 
abtt III iiitfTa^t with tie di^iguef conveniently 
ttiat ik*' Hi ronvi'y information with a inim- 
luuui < i' »*v« i iJii' >riiiatii)n during Mie o|K*ration 
•if lh<- *»y^i» 111 " 

'Vt'i i,'ii,\u \naiysN Capatiihtii's: 'I'lie sVNtein 
Ui * 1 be able to act on tlu» information pre- 
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sented, analyze it, and present coiicisc result^ 
to the df^sigiKjr. 

4. - T(*ucliin^ and (imdaiiccr ('apabilities Tlu- .sy.s- 

U\u\ must provide the .student dcHi^ner wnth ni- 
fonnation nmjssary to enable him U) Uhe the 
.sy.stem and also to tutor hnn m the context of 
his probleras. 

5. Easy Availability— The system ahouid be avail- 
able to the student user and adaptable to iiis 
modifieations. 

In esseiice this project can be ileseribed as the desi;^ii 
and implementation of a computer-based reactive* 
element design system which would be ;us integral a 
part (if a teachinj; environment as the blackbocird, 
doors and wii>do\\<, I'urtlier, in this project the amount 
of additional material in terms of reliability, valu(» 
analysis, noise control and other modern engineeri[i^ 
concepts that can be integrated into the standard 
ourriculuiu can be conveyed more effect i^^^cdy and to a 
deeper degree. 

Method of evaluation 

The efTectivenc^s uf this method will }je evaluated 
by presenting the student.> with more compreliensivc* 
design problem.^ at the end^ of the .semester. Several 
observations would be made. First, they wf)uld be 
abh- to take into aecuimt more readily the interaction 
between .^y.stems c^lements in a mechanical network. 
'riie> .sliould not recpiire as many approximation witlt 
M -pect to fatigue life» method of lubricating bearings, 
etc. 

Ini )ae( on the curricuhim 

Tilt* effect on the curriruhim will be as follow.s. Tho 
'leclrtmoal Krii^mecring Department at The Univer- 
-.i>^of T(»^a< ha> what known as 'block" optioiis. 
Ill * J- wuy . a student in his upper-cla^^^ years may select 
'^•^nu• particular concent; ated area of study. Part of the 
m.itenal that he now receives in one of his block courses 
eouhl be moved back to his senior design cour.se 
iJtiOK. Tiie etTect< on the curriculum .should be' to free, 
for additional material, one-half semester of a three- 
hour cour>e at the senior undergraduate level for those 
majoring in dc-^ign 

IVdagogical strategy 

The strategy of the course at present is the solution 
of authentic design problems solicited from industry. 



However, all aiudy.Ms tedmiques are currently con- 
(ined to paper and pencil with computer algorithms 
where [iractical The lu^w strategy will mhi the ability 
to analy/t* nuchaiucal .sy.stems networK> on an inter- 
active .^ere(»n and have an opportuiiity to manipulate 
m<iny po.s.si|.|c ideas (both changers in topology and 
changes in parameters) per unit time. 

Current or past experience 

The investigator Iku> spent s(»v(»ral years on the de- 
velopment ol' interactive giaphie machine design 
.systems both in industry and in academic institutions. 
Further, the investigator has b(M n t(Niching tin* (hisign 
of machine element system.s since \\)[\\\ and prior to 
that piaelic(»d design of machme element syst(»nis since 

Related re.scareh 

Prof(\^S(»r I'Vank Westervelt at the University of 
Michigan is currently conducting research in the area 
of interactive gra[)liic design. His major emphiusis is 
on the design of t|u» executive systems beliind interac- 
tive computer graphic .sy.steni.^. Di. Milton Chace also 
at tlie Univt^rsiiy of Michigan u.ses .some huftware gen- 
erated by 1)1. Westervelt's gKuip. Hi- concentration is 
on using i.agrange's method to describe dynamic 
systems and be able ti) mampulnte the problem's 
htu'dware conliguratnjns on the .>ereen. Prof(»ssor 
Daniel lloos of the MIT Urban S\.>tem.s Laboratory is 
now putting a giaphic fiont end Km his ICIaS .system. 
Pn)fes,s(n- dear at the Uni^-ersity of Illinois has a system 
running on a ;aS/3f)0-07 sy>tem and his i)rimary in- 
terest there is to woik with people who are manipu- 
lating eiectrieal netW(»rk lopoh»gle> and doing network 
analys!.^. Professor (lairett at Pnrdu(» University is 
using graphic termmal access; U> his university's com- 
puter for performing a .series of analyse^ on mechanical 
engineering components. 

The uni(}ue as,)(»ct of the work that is cnvi.sioned 
here, as opposed to all above mentioiKMl relative works, 
is primarily that it will be an instructional tool. That is, 
the computer is recognized as an analysis tool, a 
teaciier, and an information storage and retrieval 
device. 

With re>pect to each of the above, there are two 
connotati^ -ns. With respect to analysis, the computer 
will perform analysis in its traditional sense of en- 
gineering computation and it will also analyze the 
topology id mechanical system^ jis draw n on the screen 
.si^ch that the txcess inUnmation between the designer 
and thecomputei will be reduced. Uoiicerning teaching, 
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tlu' (HunpuUT \\\\\ \\orKrxv4Ui^ tht' .^ttuiuit hoi uol^ it* 
t(wli him tt» u.c tlu* sy.sUin, but also iti aiiutlm 
M»hHc it will help hiui Imii about \a< j;njbK t t/htt xi 
by ttrhiiii{U(|.M mirli :in iinit inutnlui.^^ unit u>h\ir- 
sioii uihI rb(Tkiiig t(^poh»gJcal ruiitinuity befoii allttvs- 
iiijC engiiicc*rinj; computatiiwi.s. With rospcct ti> iiiUui.ia- 
tion storage and retrieval, tradiiional paranioters huch 
ius nfiatenal yield .strengths and physical propcft.ch i>f 
fluids will be available. 

Another concept in interacti\t» design will be de- 
veloped when the systeni can wt>rk with the ^'tudent 
and help him optiini/.e apparent!} tuntinuous . \ Uiii> 
matlo up of object. s suth as l>ean'iig> that onlv cun**' in 
discrete (juanti ties, fur m.'-tance J-sinih incienient buf^.s, 
(*tc. 

Finns for information inlerehange 

Information interchange, of eourse, luu^ twt; nuan- 
ing^i: (1) how to get information from other schools (u 
the University of Tcx;u»\ and I'J) how U) disMMiiinate 
the results of \\\y n^earch to other interested partie.*;. 
It is Uie responsibility of the principal inv(»stigator to 
insure that information from professional society 
meetings, personal visits to othei cani|>UM»>. roeareh 
reports, published articles, personal cont auiiicalion. 
and "editorial column?" \\\ both n*t;ional and national 
newsletters of societies suoii iis .VSME. IHFK. SIl). 
SCI, ACM. and others are disseminate(> to n*^carch 
associates. 

Further, it is the researcher's rcsjjonsibihiy to gen- 
erate ies(»andi reports, published ajticle^. tak(» the n- 
sponmlnlity f(;r keeping hb iarc^t inh^rmatK^n Ui 
*'ne\vs items." attend mec^tuig^, an(i write p('rM)nal 
h'tter*; to other peop)(» in the li(»i<l wl.o aie intere.sferi 
to iielji keef) tliem abreasV of his current n-.-' .urfj 
activity 

Kxpi.rnbixctis 'ro datk 

( \m\ pit U d prujecU 

During the aeailemie year lfH)8 OS) two pilot //)n)jeets 
were conducte<l i^n the use of c«'nipuler-btust>d U\h~ 
nn|U(^ in the uistructuin of undergiaduate chennst iy. 
l iiteen curriculum modules were writttii h^r the Gen- 
ei'al Chemistry project and eight for Organic Chemistry. 
In each instance the modules roveied ^ubjet-t^ typical 
of the material found in the fii>>t semester of eaeh course. 
Kaclf module \\:is 'Mebugge<r* and poIi>hed by eAten- 
sive use of student vohinteers prior to use in the pilot 
studies. In each study, the mijdules were used to supple- 
ment one section of tlu* r(^pecti\e ciairses under con- 



iu*lle(i i t*»uhtlt>as Result-* lltHn this tuo-schie.ster 
.-itiuly oh < oiitpulei -ba.sed appliiatioii^^ iti i»iga;tic 
(lami.4ry Uuheat* high ilegiei of elTeeti> eiie.ss. !^ot 
oul> VNa^t th< *dudy cfTective in t*'rnis of student .sct/(e 
perfurniaia e. but also ifi terms of out.standiiigl> 
fa V or able attitudes tovvjtrds computer-based iiihtruction 
by students and professoi^s. 

Concurrently, facuUy members uf the C(»llege of 
Kiigineerin}^ have al.so conducted various courses using 
(.oaiputei-b;u>ed techniqiuii>. Dr. C. H. Roth of the 
Electrical Engineering Depajtmcnt hius devtlon^d a 
loii.puter-assisted instructional system 'that sin^lateb 
.V phyoic.vl s>s:cm and provides ctmiputtr-gejterated 
*iyiuiinic graj<hic displays of the system variables.^ An 
SD»S 930 computer with a display scope is Uried for thin 
project. The principal means of pn'senting material to 
tiie students is via means of visual displays on tlui 
computer « Hit put scop(\ A modified tape n^eorder pro- 
vides audio messages to the student while he watches 
the .scope displays. A flexible instruetional logic enables 
the fMe^^entatitui (»f visual and audi(» material to the 
stuilent and allows him to perform siimilaf<*d exf)eri- 
uients, lo answer questions (I):ise(l on the outcome; of 
th(»S(M*\p(Mmn^nts; and [)rovid(;s for hraiiehing and 
.^^equeii'V- as retiuiied In.strue.tiorial progianuning is 
done ii. eOliTRAN (o facilitate* an iMterchange <»f 
progrruns wiVw other schools. 

Dr. II. I'\ Rase et al.,'^of the Chemical Knginecring 
Oepju-tmcnt ha\< develo[)ed a visual interactive dis- 
play for teaclung procei^s d(\sign Using simulation tech- 
niques {() caleulate rates of reaction, temperature pro- 
[ files anil niiJiTial balance in fixed bed catalytic reactors, 
j ( >ther Jill fait er-based instructional programs de- 
vIi^pmI inelude siiiidai uvxlules in petroleum engineer- 
inji ?OKi uktIu (ueal (Engineering. In each instance, the 
eurneulum modules .ire used U- supplement one or more 
sectu^js formal course.-'. In .several instances it is 
poss»'jie ti> utt :Lsure the course effectiveness against a 
''c(Uitrot*' L,ioup (\iur:e modules geiuTally contain 
.<imulai*'d i»\p*'iuuents. analysis teehiiicjues using coiu-i 
pu giapiHe> and .some futtnial material, 

Thi^ geneiul objectives foi all oi the afoieinentioned 
*^tudic.s i'le iLs follows: 

1. I'e ^»v( tin students an uppoitunity to have 
suuh .iteil Iabi»rat(My expciiences which would 
ot.ier »\is( be pedagogically impossible. 

J. To piovide MiC students with supplemental 
nuib iiA in aieiis which i^xperience ha-* shown to 
b( difl cult for many students. 

3 Ti' |»nividt a .Mttiiig in which tin >Uident is al- 
low* ' ii* <lo a Job that pn^fcs ional-N do; i.e., 
(olh'i't, niaf»ipulat( and inteVprx>t datii. 

I. To ^Mvt the -tudent tlie feeling that a real, con- 
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ccriiwl personality lutK heeii ' <'M|)tiMe(r' in ti»e 

computer U) :u>.si.st In in, 
n. To individunh/e the student eoniputei uilei 

iie.tions lu^ much lus - possible by :dlovviii}; tli<' 

^student to |)Mec lii^nsclf. 
t). To give the .studept u ohc-to-one situation in 

whioli lie can rcceivti study aid. 

Present state of computvr'bai>eil Uaming aystejn.'^ 

Curriculum development in onj;iiuvrin|i :ind (he 
scieiici^ btMiiji acccuiiplii'hed within the rniverMt^* 
of Texas tliroutrli the Computatiun (Vnter CDC'-GJiOO 
.sy^tem using Coiiversatioiul TOHTUAN within the 
RlvSPOXl) (inuK^lKU-it^p; system. Also, ^small satellite 
pre- post-processor?' such a.^ a N*)VA, a SKJMA f) and 
an .SDS-030 are linked to the CDC (iGtK). Of special 
Mgnificaiicc is the Southwest Rcgionai Cou I'Uter 
work (SRCX) whieli is now in the early stage;- of use 
and is built around the ( ^DC-noOO. Some eight iuMa 
>tato colleges and universities are lir k(Ml Work-hop 
and user orientation <e>.sitins are >till undei way con- 
current with curriculum development. The integration 
oC cour>e matter for this netw(»rk will be ai Cf 'nipli'?hcd 
iluring tlio next two to three yeais A di<cussvni of ihe 
I'actojs involved in curiicuium M^ftware develojinient 
and some evaluation aspects follows 

(\)st factors and tmu 'tgvrnent ronsulf radons 

\\ hen (hnvliiping an :ic<v»uiitmg ^vstem for examinmg 
the cost of upnrraling M>f!warr for teaclunj^. one leaddv 
realize- th; I there is Ui- lrad:M . lal coding and th>* 
. - Mib-etjuent a><enibi\ and h-tuig Huve\er. be'au-c 
-academic iii-(inn:on- m iuenlly iia\e this das- ot 
endea\or im»d-d nom ag(-n> -oiijce.-, a next step 
very irtH|uentiy lM?d\N.ife in-laJalioii mi lheterminai> 
or the i'i'uU J proce>.-or have not bi-en 'On board" prior 
to tl ' iMti iXh'M of tin re>tarelO One* the hardware* is 
ivaf i'^- h*Avevi-r. on-l i.** dn ingoing can take piae*- 
and tin- fr-i courx" iteiatioii can hcgiii The next Mep 
i- tlh- tir-t roiij c I'^i-ion in whieli the material is w- 
written. po-Ml>lv h'-truetured, to take ad\aiitage of 
(»\penenns on the tlr>t pass Then, the second cour>e 
iteiation is performed and finally the second cour.se 
revision 

The estimates for coding, assembly, listing, and 
debug time, etc . are a function of 

1. tlie computer operating system and it> con- 
straints. 

•J. tlie coding proficiency of the professionals in- 
volved. 

O 
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:i the Nsay m which the computer is supposed to 
iiianit(\st it,self. that is: 

u .IS a siiuulatKui device in parallel with tlie 
real experunent, 

b. as purely asinuilation device, 

c. as a b:use for computer-augmented design, 

d. for data ac(iuisition, 

e. for computer-based quizzes, 

f. for computer-ba«ed tutorial and drill, 

g. or finally, for computation. 

4. the (h^gree (jf reaction retpiired, that is in the 
physiological seiusc, how the computer must 
mtiract for the user's latent res|)Oiise. 

0. the extent of the data hxso reciuired and th(^ 
data structiiK* required to allow one to manipu- 
hitethat data base. 

riie prnnary eon>iderati(ais are (Hganization and- 
control. In thi> work the organization consists of the 
following. At each college* there is a project coordinator 
who i> the liiK* supervistM' for the .secretarial services, 
progranmung services, and technical implementation 
service-, and who acts as the coordinator for 
consultants. 

At the I nnN rsity level there exists a review panel, 
coinposrd of member.s of the representative colleges 
and several people Irom other areas such as educational 
psychology and computing, which evaluates the works 
that have hi-en coiiductecrin any six-month period and 
also f-valu-»tes the reciuest for continuation of funds to 
continue a project to its duration. The actual fiscal 
eonrrol of etch project is with the project coordinator 
of that paiticula. college. Also, the purchase of eciuip- 
me;.t is cooidinated at the college level 

'I1»e eontiol a. expressed above i^ basically a two- 
^lep coutroL .1 bi-amiual iHOject review, plus a budg(;t- 
.11 y .'uialvM.N IS accomplished by an impartial review 
i)anel. Then* luiiction is to act a.? a check on the con- 
text of th< material presented and to recommend con- 
tinuance of particular research tasks. As a further step, 
this re^eaI(h is cooidmat(Hl in all colleges by the Re- 
>oioch C (»nJer foi ( 'urriciiluin Development in Sciencen 
and Matin inatics. 

SUM^lARV 

Dissernimiwn of information 

Dissemination of information is planned through (I) 
docuincntatioii of publications in the form of articles, 
report'^ or letters. (2) symposia to be held which cover 
procedures and fundamentals for developing curriculum 
in CBI and (3) furnishing of completed packages of 
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roiirnr nmUrr on roroputrr lap<s. (mrdn oi <h<kh In 
«»Uirr rollr«oH or HiMtituti(»i)s (Icf^ninK, sunl :ihlr ti» tisf. 
tliw rnut<Tial. WkIc |)iil)lKaty will br given completed 
conrne mutter thnnigli such agencies as ]*;ilIC, ICNTIO- 
liKK and KDU(X)M. The provision for contiiuniit; 
periodic inputs to the above ageneics will provide fur 
current availabihty of curncuhim niatt»rials» 

Future outlook 

The future outlook for time-sharirip: in computer- 
based educational systems is extrrmely luight with 
respect to hardware drvelopnieiit. The advent of the 
marketing of newer iium-con)putei niocieU sellmg for 
five to ten thou-and dollars— some cnrnplete with a 
hmited amount of -software- i> ahead v' changing the 
JalX)ratory >ceMe. The-- configuration of (iiiect-connect 
terminals, with the inheivMit advantag.* of installation 
\.ithin our building, further enhances the use of this 
type of M-stf'fn by clnninating the high expense of data 
lines and telephones. 

Sr)ftware ui tJie form of a powerful CBI language for 
the sciences and engineenng designed specincally for 
minicomputers i< fjerhaps one of the m«)st important 
needs. Rapid progre-> has been made in developing a 
low cost ternnnal UMiig pl.iMna di>play or photochronnc 
technology liowovei. the proini>e of a low cost terminal 
has yet to be realized. 

A sniali college, high >chool or other jnstitution may 
be :fble to alTord a small timc-shar ing computer sy>tein 
witli ten terminal> that could meet Us academic needs 
tor less than S:^().(MIO: liowever. >till lacking is the v:u^t 
amouht ol adecpiaNMinnculum maticr. Kducators uMn:^ 
CHI are in the ^f\i\n' poMtion a*- a librarian who has a 
!)eautiful buildmg conraimng a ve>t army of shrives 
but fw hiifk- to iiii-pt ncadeimc need'> of >tudents or 
faculty 'I'hc ta-k of eun i< iihim development parallels 
the al)>ve situation and imi>t l>" undertaken in much 
th.' rmc manner a*- any othci permanent educational 
re-o:iree, \ 



Eduraltonal hrni fih 

Hcneiit^ that rcMilt from nnpleineiiting this type 
plan are a function of the .synergistic interplay of A) 
perM)nnel with expert i>e m the application of computer- 
based techiiKjuo. ^2) computer hantware includuig m- 
tenictive terminal capability. (H) faculty-d^eveloped 
eurrieuluni materials; and i4) the common information 
ba>o into which the entire research program can b(? 
embedded. 

The program can pro\*ide students wnth a learning 



resource tfiat .selves many purposes 'Hiat is. the* com- 
puter can he the; base of a utility from which the user 
can readily extract only that which he iUH?dfi, be it 
computation, data acquisition, laboiatory simulation, 
remedial ie\ie\\, or examination administration. At all 
times the computer can simultaneously serve tis an 
educator's data collection device to monitor student in- 
teraction. This modularized dial-up capability can give 
the students an extremely flexible access to many 
time-effective interfaces to kuowletlge. 



Admhiiairatnv hniefiLn 

When thi.'> typ(» pnjjeet hius been completed, all vistTS 
may have access to the results. This vinified approj.ch 
can yield moduhvs of information on cost accounting 
which can be used as a yardstick by the University. 

Kvirther. this type project insures that rlata-yieldiiig 
performance is of a consistently high (juality, and that 
regardless of tlie subject matter on any research task 
the depth of pedagogical quality is relatively uniform. 

The subject matter developed can serve as the 
basis for conducting experiments in teaching and con- 
tinuing cv*rricular reform. Indeed, the association of 
faculty in diverse disciplines can serve a.s a catalyst for 
curricular innovations in the course of preparing ma- 
terials for computer-b:used teaching techniques. 

The in^t^lcti()nal effort^ described here can serve jus 
the basis for displaying the unity ol science and en- 
gineering to the undergraduate student in an indirect 
way. For example, if a student is taking a f<(»t of scie^[cal 
course.'^ in a particular sequence because it is jissmned 
each course 'ontributes to an understanding of the 
next one, it is pos.^ible to use programs (leveh)ped in 
one cour.'-e for review of remedial work in the next 
higher course. Tnus, an instructor in biology can as- 
sume a certain level of competence in chemistry with- 
out having to review the important points in the latter 
area. Should some students be dencient ia those as- 
pects of chemistry that ifrc imj)ortant to the biology 
couj-'^e, the instructor can assign the suitable material 
that had been developed for practice and drWl for" the 
precediiuj chemidnj courke. With a little imagination, 
the in^^tructional systesmf can make a significanfimpact 
on the student by giviifg him a unified view of science 
or enginering. It is po^/sible to develop both a vertical 
and horizontal .structure for common courses wliich 
can be used on an intc^rdiscipliifivfy b:u^is for integration 
in the biu^ic core ourr/culum in the various departments 
where computer-b;ised teclini(iues are uj^ed. The re- 
vision prolilem of inserting new and deleting old ma- 
terial in such a system is considerably simplified for 
all concerned. 



There is :i vrust, lurRely unexplored area of jipplica- 
tioiKs, Ah timo-sliariiiK methodH become more wide- 
Hpreiwi, iiTiiiinul liurdwun? txHtomcH I(»hh complex, and 
teh!proc<»«inK tcu:hnii{ue>« ar(j improved, ttie potcjiitial 
UHisfidncHH of cornfHitors in the educational proem will 
incroas(}. With the tcchnoloKy and hardware already 
in cxiHtencc, it i« imsiblc to build a coni[mt€i: network 
linking industries and universities. Such a network 
-would (1) allow scientists and engineers in industry to 
explore advanced curriculum materials, (2) allow those 
who have become technically obsolete to have aceess 
to current, specifically prepared eurriculum materials, 
training aids and diagnostic materials, (3) allow local 
curriculimi development a» well as the ability to utilize 
eurriculum materials develoiHid at the university, (4) 
allow engineers to continue their cdueation, (5) provid<» 
administrators with an efficient and time-saving method 
of scheduling employees and handling other data proc- 
es,sing chores such as inventories, attendance records, 
etc., and (6) provide industrial persdimcl with easily 
obtainable and current student records to aid in giving 
the >ludent pertinent and helpful counseling and 
guidance. 

Although complaints have been voiced that com- 
puter-based techniques involve the dehumanization of 
teaching, we argue to trie contrary— the judieious use 
of these methods will individualize instruction for the 
student, help provide the student \vith pertinent 
guidance based upon ciurent diagnostic materials and 
other data, and allow instructors to be teachers. 
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